I n most of the Arab countries, incense burning, including Oud, is widely used by many people. Many substances are used to produce incense including Oud, frankincense, aromatic wood, herbs, flowers, essential oils, and perfumes.
1,2 The most commonly used incense for burning in Saudi Arabia is Oud. The Oud tree is known as the Aquilaria agallocha, which has at least 15 species of Aquilaria and is also known as lignum aloe, agarwood, and eagle wood. 3 The unique aroma, which is produced as a result of fungal infection to the heartwood tree, has been used since ancient times as a source of perfumes and incense in the Middle East. 1, 3, 4 The perfumes of the agarwood known as Oud are common in Saudi Arabia and the United Arab Emirates. They are not only inhaled but also used in making perfumes in many other countries. Although Oud is the most popular incense burned, it is also mixed with vari- Background and oBjective: Like in most of the Arab countries, incense burning, including Oud, is widely used in Saudi Arabia. The widespread effects of the Oud incense on voice have not been examined. Thus, the aim of this study was to examine the short-term effects of Oud incense on laryngeal symptoms and voice acoustics in normal Saudi adults. deSign and SettingS: A prospective study that has been carried out at King Abdulaziz University Hospital between July 2012 and Jan 2014.
Acute effects of inhaling Oud incense on voice of Saudi adults

Material and MethodS:
Study subjects were recruited on a volunteer basis. A total of 72 adults (44.4% males and 55.6 % females), were exposed to Oud incense smoke for 5 minutes while sitting 1 m away from an electrical sensor in a closed room. Symptom and acoustic voice analyses were performed pre-exposure and immediately post-exposure. reSultS: A total of 27.8% of the subjects reported throat and voice symptoms after 5 minutes of exposure. Some frequency-related acoustic measures increased in male and female subjects after exposure to Oud incense. However, the difference between the pre-and post-exposure measures was not statistically significant. concluSion: One third of the study subjects reported voice-related symptoms following exposure to Oud incense. Despite the absence of statistical significant difference, some frequency-based acoustic parameters increased following exposure to Oud incense smoke.
ous other natural scents. [1] [2] [3] 5 All of these including the Oud are mostly burned in traditional charcoal burners.
Many pollutants could be produced in the continuous smoke of incense burning due to the slow and incomplete combustion of this substance especially under poor ventilation. 2, 3, [5] [6] [7] Several illnesses have been reported to be related to incense smoke exposure including respiratory symptoms, asthma, elevated cord blood immunoglobulin E levels, contact dermatitis, and cancer. 1, 5, [8] [9] [10] [11] [12] [13] [14] [15] Also, significant morphological changes in rat pneumocytes have been linked to incense smoke exposure.
2,16
The smoke of the burning incense includes a complex of mixture that contains both particulate and gas materials to which recipients can be exposed. Emitted materials include: particulate matter, carbon monoxide, oxides of nitrogen, formaldehyde, sulfur dioxide, and other substances. 3, 5, 17 Arabian Oud is a natural indoor fragrance, especially in occasions like wedding parties and other ceremonies. It is also used to perfume clothing and home.
3 Because of its wide use, many individuals are exposed to its fumes throughout large parts of the day in Eastern countries and, especially in Saudi Arabia. The produced incense from burning Oud in a humid and poorly ventilated indoor environment tends to persist over long periods.
It is well known that voice production can be affected by irritation from cigarette smoke and passive cigarette smoke, 18, 19 causing hoarseness and laryngeal inflammation. Previous findings of the effects of incense smoke on health, especially the respiratory system, raise the possibility of having similar harmful and irritating effects on the larynx and vocal folds. Several studies have investigated the effect of burning incense and its smoke on airway diseases including asthma and other allergic manifestations of the tracheobronchial tree. 2, 5, 20, 21 However, to the best of our knowledge, the effects of Oud incense on voice have not been examined before. Thus, the aim of this study was to examine the short-term effects of Oud incense on laryngeal symptoms and voice acoustics in normal Saudi adults.
Material and MethodS
This is a prospective study that has been carried out at the voice clinic, King Abdulaziz University Hospital, King Saud University. The study was approved by the Institutional Review Board of College of Medicine, King Saud University.
Subjects
Study subjects were recruited on a volunteer basis from the otolaryngology clinic attendants and medical students at College of Medicine, King Saud University. All subjects included in the study have signed a consent form explaining the nature of the study and the procedures they will be involved in. Inclusion criteria were male and female Saudi subjects in the age range between 18 and 60 years. Exclusion criteria were any history of voice disorders, asthma, laryngopharyngeal reflux, and cigarette smoking. All subjects in the study completed the reflux symptom index (RSI) before conducting the study, and subjects with RSI scores of more than 13 were excluded.
Oud incense exposure technique
Subjects were exposed to Oud incense smoke, approximately 1 g of average market quality, for 5 minutes while sitting 1 m away from an electrical sensor in a closed room with an approximate surface area of 12 m 2 . The same room was used for all participants. All participants were instructed to breathe normally through their nose without phonation. Each subject was exposed to Oud incense individually. The exposure room was kept open for 10 minutes after each subject to ensure evacuation of Oud incense smoke to guard against the accumulation effect of incense in the room. Symptom analysis and acoustic voice analysis were performed pre-exposure and immediately postexposure.
Voice assessment was done using the Multidimensional Voice Program (MDVP Model 4305, Kay Elemetrics Corp., Lincoln Park, New Jersey) software installed to the Computerized Speech Lab. (CSL, model 4300, Kay Elemetrics Corp.). Symptom analysis after exposure was obtained through direct interview with the participants right after the acoustic assessment.
Statistical analysis
Qualitative variables were presented as frequency and percentage while quantitative variables were expressed as mean and standard deviation. Nonparametric statistics were used to compare the pre-post changes in the mean values. The Wilcoxon test was used to compare between the pre-and post-exposure acoustic variables in the study groups. The SPSS, version 16.0 (SPSS Inc. Chicago, IL USA), was used for all statistical analyses. The level of significance was set at P≤.05.
reSultS
Demographic data
A total of 72 Saudi subjects (32 males [44.4%] and 40 females [55.6%]) were enrolled in our study. All met the inclusion criteria mentioned earlier. The mean age of the study group was 27.6 years (9.4 SD). Table 1 shows the demographic data of the study subjects.
Post-exposure symptoms
The majority of subjects (72.2 %) had no after-exposure symptoms (Table 2) . However, 27.8% of the subjects reported symptoms after 5 minutes of exposure. Nine subjects (22.5%) experienced throat-burning sensation after Oud exposure (all were females). Also, 7 subjects (20%) had throat dryness (4 males and 3 females). Moreover, 3 subjects (7.5%) had both throat dryness and burning sensation (3 females). Only 1 subject (3.1%) complained of throat burning sensation in addition to the shortness of breath (1 male). No other allergic manifestations were reported among the study subjects following exposure to Oud incense. 
Acoustic analysis
Participants were divided into 2 groups (males and females) to avoid gender-related effects on acoustic analysis. MDVP parameters of the subjects' pre-and postOud exposure are presented in Appendix A. Measures of frequency variations, including jitter, shimmer, and noise-to-harmonic ratio all increased in both males and females following exposure to Oud incense smoke (Figures 1 and 2) . In comparing pre-exposure and post-exposure readings of males and females groups, the acoustic analysis did not reveal statistical significant changes of the assessed MDVP variables (P values for all the parameters were >.05).
diScuSSion
This study provides new information regarding potential health risks to the voice from Oud incense commonly found in indoor environments in many Arab countries especially Saudi Arabia. The majority of previous research on the use of inhaled foreign substances deals with medications such as corticosteroids, with cigarette smoke, or with uncontrolled substances such as cannabis. Other research studies have investigated the effect of incense, especially the Arabian incense (Bakhour), on airway and asthma symptoms and showed that Arabian incense is considered a participating factor in asthma symptoms and airway dysfunction. 1, 2, 8, 9 However, they could not propose a specific mechanism by which in- cense can provoke theses respiratory symptoms.
The present study used incense from Oud, which is the most common incense burned in many Arab countries. The findings of throat burning, throat dryness, and shortness of breath in 20 out of the 72 subjects (almost one third of the study subjects, 27.8%), suggests that even short-term exposure may have an effect on the voice and airway. These symptoms were directly precipitated by Oud incense smoke because we used electric sensor to avoid any additional effects that can result from charcoal burning. Despite having such symptoms following exposure to Oud incense smoke, it is difficult to propose a mechanism that explains the occurrence of these symptoms because of the different emitted materials in the smoke of the burned Oud incense. It should be kept in mind that the current subjects were subjected to the smoke in a normal-size room for only 5 minutes, and the majority of the subjects were young with a mean age of 27.6 years. Thus, with a longer exposure time and a wider range of age group, a greater effect can be expected.
Although the data obtained from the acoustic analysis did not show significant differences between pre-and post-recordings, several specific measures may be of interest. Measures of frequency variation, jitter, shimmer, and noise-to-harmonic ratio all increased in males and females following exposure to Oud. The data suggests that an increased level of irregularity existed in the voices of subjects participated in this study even after 5 minutes of exposure. Others have shown that increased levels of brain activity are also related to exposure to incense. Iijima et al, 22 found an increased brain activity during exposure to incense. These results suggest that the odor of incense may enhance cortical activities and the function of inhibitory processing of motor response, i.e., increase in loudness or greater variability in voice production.
Although our study may be limited in certain areas such as the small sample size and the absence of a control group, the preliminary results of this study give a potential interest in studying the long-term effects of inhaling Oud incense on voice characteristics. This could have a special consideration in countries where Oud incense inhalation is considered one of the most common traditional behaviors that is practiced almost on a daily basis. The effect of Oud incense smoke on human voice and the mechanism behind it need to be further studied. Controlled studies with more documentation of long-term exposure to Oud incense may be required.
In conclusion, one third of the study subjects reported voice-related symptoms following exposure to Oud incense. There appears a potential effect of Oud incense on some acoustic derivative of voice, especially the frequency-based parameters. However, the difference between the pre-and post-exposure results did not reach a statistical significant level. The data obtained from this study provide a basis for further research in studying the effect of Oud incense exposure on voice characteristics. Appendix A. Acoustic analysis pre-and post-oud exposure in male and female subjects. Pre-and post-oud exposure MdvP variables of male subjects.
MdvP variables
Males
Mean
Standard APQ, Amplitude perturbation quotient (%); AtRi, amplitude tremor intensity index (%); dSH, degree of sub-harmonic components (%); duv, degree of voiceless (%); dvB, degree of voice breaks (%); Aftr, amplitude-tremor frequency (Hz); fftr, fo-tremor frequency (Hz); fhi, highest fundamental frequency (Hz); flo, lowest fundamental frequency (Hz); fo, average fundamental frequency (Hz); ftRi, frequency tremor intensity index (%); Jita, absolute jitter (µsec); Jitt, jitter percent (%); nHR, noise-to-harmonic ratio; nSH, number of sub-harmonic segments; nuv, number of unvoiced segments; nvB, number of voice breaks; PeR, number of pitch periods; PfR, phonatory fundamental frequency range (semitones); PPQ, pitch period perturbation quotient (%); RAP, relative average perturbation (%); sAPQ, smoothed amplitude perturbation quotient (%); SeG, total number of segments; ShdB, shimmer in dB (dB); Shim, shimmer percent (%); SPi, soft phonation index; sPQ, smoothed pitch period perturbation quotient (%); Std, standard deviation of the fundamental frequency (Hz); to, average pitch period (msec); tsam, length of analyzed voice data sample (sec); vAm, coefficient of amplitude variation (%); vfo, coefficient of fundamental frequency variation (%); vti, voice turbulence index. 
